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(71) We, WILLIAM M. BROWN, 25 
Murphy Road, Hudson, Massachusetts, 
United States d America; JOHN 



RUDDY, 42 Pantiy Road, Sudbury, Massa- 
chusetts, United States of America; and 
ROBERT T. DUNN, 4 Cedar Ridse Drive, 
Bedford, Massachusetts, United States of 
America, ail citizens of the United States of 
America, do hereby declare the invention, for 
which we pray that a Patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement : — 

This invention relates to telephone exten- 
sion systems ptoviding a portable or mobile 
extension telephone which cojumunicates over 
AC power wires. More particularly, the pre- 
sent invention provides apparatus for com- 
municatmg over AC power wires between an 
extension telephone and a conventional tele- 
phone line. 

According to the present invention, there 
is provided, a power line telephone extension 
system in a subscriber's pcmises wired with 
AC power wires, comprising a subscriber's 
telephone line entering the premises from a 
conventional telephone system, the subscribers 
line including a trip wire and ring wire, a 
master station coupled to the trip and ring 
wires and coupled to the power wires by a 
reaxnive couphng circuit, and an extension 
station coupled to an extension telephone and 
coupled to the power wires, at least one of 
the said stations being arranged to modulate 
telephone signals on to a carrier and to couple 
the modulated carrier into the power wires, 
and at least the other of the stations being 
arranged to detect and demodulate the modu- 
lated carrier to reconstitute the telephone 
signals. 

The invention will be described in mote 
detail, by way of example, with reference to 
the accompanying drawings, in which:' 

Figure 1 is a piaorial representation of an 
extension telephone system including two 
extension telephones which communicate with 
a conventional telephone line via available AC 
power wires and a conventional on line tele- 



phone whidh commuaicates with the same 
tefephone line; 

Rgure 2 is an dectrical block diagram 
showing die principal electrical circuits at 
the master station between the telephone line 
and the available AC power wires; 

Figiue 3 is an electrical block diagram 
showing the principal electrical circuits at 
one of the extension telephone stations which 
couple the extension telephone to the AC 
power wires for communication with the tele- 
phone line and the on line telephone; 

Figure 4 is a detailed electrical block dia- 
gram of the master station transmit-ieceive 
unit; 

Figure 5 is a diagram showing the sequence 
of cradle switch, transfer/hold and other sig- 
nals that initiate coupling of the system to 
the subscriber's telephone line; 

Figure 6 is a detailed electrical block dia- 
gram of the extension sation transmit-receive 
unit; and 

Figure 7 is a circuit diagram of a conven- 
tional battery telephone transmission network 
of the type used in many conventional tele- 
phone handsets and which is for example, the 
ITT type 75335-1 network, and is suitable 
for use in the master station transmit-receive 
unit 

The embodiment of the invention includes 
one or more extension telephones, each equip- 
ped with an extension transmit-receive unit 
(extension TR unit) enabling the extension 
phone to couple direcdy to me available AC 
power wires, and a master tiansmir-receive 
unit (master TR unit) at the master station 
which connects directiy to the available AC 
power wires and tdso couples to the telephone 
line on which there is a conventional on line 
telephone. This system is illustrated pictori- 
ally in Figure 1. The master TR unit serves 
as an interface between the subscriber's line 
and the available AC power wires. These 
power wires act as a transmission medium 
for the signals on the telephone line and carry 
these signals to the extension telephone 
stations and also carry signals from the ex- 
tension telephone stations to the telephone 
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line. Any number rf ertensioo telephones may 
be used in this system, each ttansmitting a 
dMerenc eztensi<« carrier frequency, and to 
initiate operation, it is only required that the 
5 extension TR unit of die extension telephone 
be plugged into the AC power wires. Thus, 
eveiy AC power outlet connected to the 
power can be used as an extension telephone 
station. With this system in operation, all 

10 tdei*(me line signals at the subscriber's tele- 
phone line are fed to the ezttnsion telephones 
ynbidk arc plugged into the AC power wires. 
Furthermore^ by virtue of the operation of 
the extension and master TR units, calls can 

15 be placed by the subscriber on the tele^^ne 
line from any of the extension statiixis wliich 
aie plugged in, and any extension statioit 
can communicate direct^ widi the telephone 
line whether or not the subscriber's conven- 

20 tional telephone is conncaed to the line. In 
addition, extensioa stations which are plugged 
into the AC power wires can communicate 
with each otbn without any actuation or use 
of the subscriber's conventional on line tde- 

25 phone at die master station. Also, a call can 
be held by the extension tdejAione and die 
extension i^one can be unplugged (dtecon^ 
nected from the system), moved and plugged 
in again to continue the calL 

30 Turning to Figure 1, there is shown the 
subscriber's telephone line 1 and the sub- 
scriber's on line telephone 2 (herein called 
the master telephone). Both the telephone line 
and die master tdej^one are <x conven- 
es tional design and ate usually provided by the 
local telephone company. For puiposes dE 
examine, the telephone ^em described 
herein is a conventional system sometimes re- 
ferred to as a common battery telephone sys- 

40 tern v/bicb wovides a telqAonc line to each 
subscriber. The subscribers telephone is on 
the line at all times and is energi:wd by direct 
current over the telephone line from a central 
telephone switching system which may be a 

45 PBX, panel, step by step, crossbar cm: elec- 
tronic switching system. 

In a preferred embodiment of the present 
invention, both die telephone line 1 aiid the 
. line 3 ftwn the master telephone connect 

50 together through a master station connector 
4. This connector is merely a feed througji 
with, respect to lines 1 and 3. In addition, 
the connector provides telephone line connec- 
tion to the master station TR unit 5. This 

55 connecdon is line 6 and may be no difEerent ^ 
than die tdenhone line connection to a con- 
venticmal telephone line extension phone. 
Hence, the connector 4 may be a conventional 
telephone extension receptacle. 

60 The master station TR unit, connects 
directly to the available AC power wires 7. 
This connection is conveniendy through a 
conventional AC power receptable 8 and in- 
cludes a power cable 9 from the master unit 



widi a conventi(»al plug 10 at the end this 65 
wire to accommodate the receptade. 

The master TR «mit penorms numerous 
functions. For example, it is a buffer between 
die telephone line 1 and die AC power wires 
7 so diat there is no direct mains frequency 70 
AC electrical connection between die tele- 
phone line wires and the power wires. In 
addition, the master unit imposes a conven- 
tional impedance load on the telephone line, 
via line 6 and die connector 4, so that the 75 
telephone line is at all times electrically loaded 
as required by the central switching system, 
whether or not the subscriber's master tele- 
phone 2 is on die line. The structure and 
other fancd(xis of die master TR unit are 80 
mott fuUy described herein. 

For purposes of example, two extension 
stadons are diown in Figure I, numbered I 
and n and both are plugged into die AC 
power wires via conventional power reccpt- 85 
ades. Qearly, any number of extension 
stations can be added end any number can 
be on the power line at the same time. Since 
all the extension stations may be the same, 
except that they generate and transmit dif- 90 
ferent extension carrier frequencies, only 
extension station number I is described herein 
in greater detail. 

'The extension station indudes an extension 
TR unit 15 which coufJes the extension tck- 95 
phone 12 to the extension station AC power 
ontiet 18. This connection is made by an 
AC power connecting line 19 from the exten- 
sion unit with an AC plug 20 at the end of 
this cable whidi plugs into the receptade 100 
18. The extension TR unit 15 and the ex- 
tension phone 12 are connected by lines 16. 
These lines, the extension unit and the exten- 
sion phone are described herein in further 
detail 105 

The master and extension TR units 5 and 
15 are similar in many respects. Eadi in- 
dudes a carrier ftequency generator and a 
carrier frequency recdver. Furthermore, the 
extension tdephone 12 may be a conventional 110 
phone which couples to the extension TR 
unit via lines 16 that cany relativdy low 
levd voltage, voice, ting, dial, etc signals 
between the extension phone and the tde- 
phone line to enable all uses of the extension 1 1 5 
telephone described herein and all uses which 
are normally available to a conventional ex- 
tension tdcj^one. 

The extension telephone such as 12 in con- 
nection with the subscriber's tdephone line 120 
as shown in Fig. 1 can be installed easily 
in any subscribing home or business location 
where ordinaiy AC power outlets are avail- 
able. There is no limitation on the number 
of extension phones that can be employed 125 
on the AC power line at any one time. The 
only limitation might be the length of the AC 
power line and the number of loads that can 
be imposed on the line at any one time wliich 



may absotb the catiier frequency signals 
transmitted between the exteqsion and master 
statioas. This problem can be partially over- 
came by employing relatively hlgbi carrier 
5 frequency power and sdecting carrier fre- 
quencies which are readily detected at the 
master and extension stations even diough 
they are very substantially attenuated in me 
AC power system. In addition, suitable filters 

10 at the master and extension TR imits, are 
provided to screen out noise from the AC 
power system and enable dear detection of the 
carried si^al even in the presence of a high 
level of noise. 

1 S Turning next to Figures 2 and 3, diere arc 
shown detailed block diagrams c$ tlw elec- 
trical circuits at the master and extension 
stations, and particularly the master and ex- 
tension TK, units and the interconnections 

20 between these units and the crtension tele- 
phone. In Figure 2, the master unit mdudes 
a convention^ transmission networfc 21. For 
purposes of example, thi s tra nsmission net- 
work is identified as an ITT type 75335-1 

25 transmissiw netwo)^ sold by Intematiooal 
Telephone and Telegraph Company and 
is ^own in greater detail in Figure 7. 
The telej^one line 1 connects directly 
to the input of netwoiic 21 dmmgh 

30 the connector 4 and tdej^one line 
6, As akeady mentioned, lines I, 3 and 6 
may be a conventional telephone line. Two 
outputs of the network are denoted RING 
and MIC The RING output Is obtained 

35 from terminals G and L, (Fig. 7) of the 
network and carries the telephone ring sig- 
from the telephone line. The MIC out- 
put is obtained from terminals R and B of 
die network erf Fig. 7 and carries the voice 

40 signals from the telephone Ime. The RING 
output is fed to the ring dcteaor circuits 22 
and the MIC output is fed to the micro- 
phone circuits 23. The outputs of diese cir- 
cuits are amplified by variable gain audio 

45 amplifiers 24 and 25, respectivdLy, and cwn- 
bined by algebraic summing circuit 26 and 
fed to the master carrier modulator trans- 
mitter 27. In diis transmitter, the combined 
voice and ring signals modulate die master 

50 carrier frequency (also referred to herein as 
the first carrier frequenqr) and this modulated 
carrier is fed to diplexer unit 28, where it is 
filtered and applied to one side of RF coup- 
ling network 29 which connects to the AC 

55 power wires via power line 9 and plug 10. 
Thus, the rmg and the voice signab on the 
telef^one line, whether they come from a 
switching station or whether the voice signals 
come from the master telephone 2, are com- 

60 bined in the master TR unit 5 and modulate 
the master carrier frequenqr which is im- 
posed on the available AC power wires at the 
master station for transmission to the orten- 
sion station along the power wires. 

65 The same AC power wires also bring sig- 



nals &om the extension station on die exten- 
sim carrier frequency to the master unit. The 
signals fnxn the extension station modulate 
die extension carrier frequency which feeds 
throu^ plug 10 and power line 9 to the RF 70 
coupling network 29 which feeds diplexer 
unit 28. The diplexer separates die extension 
carrier from the master carrier frequency and 
feeds the modulated extension carrier fre- 
quency, via line 31, to die extension carrier 75 
frequency receiver and demodulator 32. 

The signals from the extension station 
include voice signals, dial signals, extension 
cradle switch signals and bold/transfer sig- 
luils. These all appear in the output (tf de- 80 
modulator 32. The voice signak are ampli- 
fied by a band pass audio amplifier 33 whicb 
is hmited to the band pass m the telephone 
line system (typically 300 to 3300 Hz). The 
output of audio amplifier 33 is coupled to 85 
the earphone ttrminals EAP of the trans- 
mission network via the earphone coupling 
circuit 34. 

The output demodulator 32 is also fed 
to amplifier 35 which has a somewliat wider 90 
band that includes the band of amplifier 33, 
for amplifying cradle switch signals, dial sig- 
nak and tranaer/hold signals from the exten- 
si<m station. The output of amplifier 35 is 
applied to die DIAL Terminals of the trans- 95 
mission network via the dial pulse circuits 36. 
When the dial signals from the extension 
station are pulses (sometimes called dial 
dicks) as produced by a conventional rotary 
telephone dial, diese dial pulse drcuits may IOC 
consist of a solenoid driving a normally dosed 
svritch, the switch being connected to the F 
and RR tennhials of die transmission net- 
work, shown in Fig. 7, and the sdeaoid being 
driven by the output of amplifier 35. The \Qi 
master unit of diis construction and funaion 
is shown in greater detail in Figure 4. 

The transfer/hdd signals and the cradle 
switch signal in the output of demodulator 
32 are amplified by amplifier 35 and fed to no 
the transfer/hold and cradle switch circuits 
37 and 38, respectivdy. These sipials may 
be combined in the cradle switch arcuits and 
applied to the CRSW terminals in the tip 
and ring Unes of die transmission netwoxK lif 
shown in Fig. 7. Thus, dialing signals, cradle 
switch signals and transfer/hold signals 
originatmg at the extension tdqihone are 
carried to the master unit on the extension 
carrier frequency over the AC power wires I2( 
and are recdved, demodulated and applied 
to the appropriate terminals of the transmis- 
sion networfc Furthermore, since the trans- 
mission network is coupled by line 6 to the 
subscriber's tdepfaone fine 1, the same sig- ' 12^ 
nals are carried to the tdephone line and 
accomplish the same functions there as would 
be accomplished by the same kind of signals 
from a convendonal extension telephone con- 



nected directly to the subscriber's telephone 
line. 

The extension statiai TR unit 15 and 
extension telephone 12 are sho\ni in Figure 

S 3 with die major circuits thereof in blocks. 
The master carrier frequency in the AC power 
line is fed to the extension coupling network 
41 via plug 20 and Ac power line 19, From 
the coupling network 41 the master frequency 

10 is fed to the diplexer unit 42 where it is 
separated from the extension frequaicy and 
fed on line 43 to the master carrier fre- 
quency receiver and demodulator 44. Thus, 
the output oi the demodulator 44 omsists of 

15 voice signals equivalent to the voice signals 
on the subscriber's telephone line 1 and ring 
signals representative of the ring signals on 
tfe subscriber's tele^one line 1. These voice 
signals are amplified by amplifier 45 and 

20 applied to the earphone circuits 46 which 
energize the earphone 47 of extension tele- 
phone 12 dirough (me d the lines 16. 

Similarly, the ring signal in the ou^ut <^ 
demodulator 44 is ampMed by amplifier 48 

25 and fed to ring detector dtcuits 49 which 
oonttol ene^ation ol the extension telephone 
bell or buzzer 51. This bell may be located 
within the extension TR imit 15 or it may be 
located in a conventional manner in the ex- 

30 tension telephone 12. 

The signals which originate at the exten- 
sion telephone 12 include the extension cra<Ue 
switch signal from the extension cradle switch 
52, the extension dial signals from the ezten- 

35 sion dial 53, the extension voice signals from 
the extension microphone or moudipiece 54 
and the extension transfer/hold signal from 
the transfer/liold switch 55 of die extension 
telephone. These signals are fed to corres- 

40 pondingiy named circuits 62 to 65 in the 
extension TR unit. The outputs of circuits 
62, 63 and 65 are amplified by amplifier 66, 
67 and 69, respectively, and the outputs of 
these axe combined by summing circuit 71 

45 and amplified by variable gain amjplifier 72. 
The voice signals from extension microphone 
54 are ampUSed by microphone circuits 64 
and fed to variable gain voice band amplifier 
68. 

50 Amplifiers 68 and 72 ate preferably vari- 
able gain amplifiers so that the gains thereof 
can be adjusted in view of the attenuation 
of the extension phone carrier frequency in 
the AC power Uae between the extension 

55 station and master station. These outputs of 
amplifiers 68 and 72 are combined by sum- ' 
ming circuit 73 and fed to extension carrier 
frequency modulator and transmitter 74. The 
output of transmitter 74 carrying modulated 

60 extension carrier frequency is fed to diplexer 
unit 42 wherein it is separated from the 
master carrier frequency and then fed to the 
coupling network 41 for coupling to the AC 
power wires via power line 19 and plug 20. 

65 Additional details of the master TR nnit 



5 including a few sli^t variations of the sys- 
tem shown generally in Figure 2 are shown 
in Figure 4. The circuits and components 
shown in Figure 4 which are or may be the 
same as the circuit blocks shown in lugure 70 
2 which make up the master unit, bear die 
same tdference numbers. Figure 4 does not 
show the transmission network 21, but rather 
shows in detail the terminals of die conven- 
tional transmission network of Fig. 7 as it 75 
may be used in die master unit. This parti- 
cular transmissicm network is identified as the 
ITT type 75335-1 wWch is part of a great 
many conventional tdephone hand sets in 



The oumuts Q[ transmission network 21 
shown in pWe 4 are the RING terminals 
and the MIC tenninab. The RING ter- 
minals are terminals G and L: to \diich ihe 
ring detector drcuits 22 in the master unit 85 
arc connectoi. These ring detector circuits 
include a full wave rectifier diode bridge cir- 
cuit 81 to vitich the terminals G and L2 of 
the transmission network are coupled via 
capadtors denoted Cr. The output of this 90 
bridge is connected to the input of the ring 
signal threshold detector 82 which includes 
a smoothing filter and the output of this de- 
tectw is applied across the coil 84 of a 
normally opened sdenoid relay with contacts 95 
85. When these contacts close, they connect 
the outout 83 <rf the 1,000 Hz tone oscillator 
86 to me input of variable gam amplifier 25. 
This amjdifier preferably oi)erates over a 10% 
band centered at a convenient ring tone fre- 100 
quencf such as 1,000 Hz. The gain of this 
amplifier is controlled by variable potentio- 
meter 25'. 

The MIC terminals <rf the transmission 
network, denoted R and B connect across the 105 
primary coil of transformer 87 which is the 
equivalent of the microphone circuit 23 shown 
fai Figure 2. The secondary of this trans- 
former connccu to the input of variable gain 
amplifier 24 which preferably operates over HQ 
the voice frequency range 30O to 3300 Hz. 
The gain of this amplifier is controlled by 
variable potentiometer 24'. 

The outputs of amplifiers 24 and 25 are 
fed to algebraic summing circuits 26 which M5 
combine the ring tone signal oi 1,000 Hz and 
the voice signals which lie in the band 300 
to 3300 Hz and diese combined signals are 
fed to the master carrier frequency modulator 
and transmitter 27. This modulator consists 120 
of a variable frequenqr oscillator 88 which 
is centered at a frequency substantially higher 
than the telephone line frequencies and higher 
than frequencies normally appearing in the 
AC power wires. For example, this frequency 125 
may be 240 QKHz, The output of this oscill- 
ator is amplified by class A power amplifier 
89 and fed to the hi^ pass filter 90 in di- 
plexer unit 28. This high pass filter has a 
3 db cut off frequency of 200 KHz. Thus, i3o 
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the output of high pass filter 90 in the mastei 
RF or master carrier frequeticy which is fre- 
quency modulated by die voice and ring tone 
sigoals derived frcKzi die subscriber's tele- 

5 phone line 1. This modulated master canier 
frequency is coupled to die AC power line 
by the RF coutJing network 29 wbidi msn 
ccmsisi of an RF transformer 91 whidi couples 
to the AC line 9 by capacitors Cc, denoted 

10 92. 

The RF coupling network 29 functions in 
to tie AC power line and couples the exten- 
carrier frequency from the transmitter 27 
to the AC power line and couples the exten- 

15 sion canier frequency from the AC power 
line to the low pass filter 93 in the diplexer 
unit 28. In the direction from die master car- 
rier transmitter 27 to the AC power line, the 
primary ccSL 94 of RF transformer 91 inr 

20 dudes a centre tap to ground and the capa- 
citances 92 connect the secondary coll 95 
of this ttansfoimer to the AC power wirw. 

The extension carrier ftequeacy, like the 
master carrier frequency, is far hi^ier than 

25 the ncaraal operatmg band of the telqrfwae 
line and is higher than fitequendes normally 
appearing in any agnificant ampiitude in the 
AC power wires. However, the extension 
carrier fnequency differs suffidentlv from the 

30 master carrier faequency so that lliesr can be 
discriminated readily one from die other. For 
exanqde, if the master ftequency is entered 
at 240 KHz, thai the extension carrier 
frequency is conveniendy centered at 90 

35 Klfa. Accordnigly, die 3 db cut off frequency 
of low pass filter 93 is ICQ YSz. The output 
of this filter (wWch is ettension canier fre- 
quency modulated by die various signals 
generated at the extension telephone), is fed 

40 to die extension carrier feequency receiver and 
demodulator 32. The receiver portioD of diis 
consists of a variable gain amplifier 101 and 
an FM demodulator circuit 102. The gain of 
amplifier 101 is controlled by variable potentio- 

45 meter 101'. 

The output of demodulator 102 consists of 
the various signals generated at the extension 
telephone. These include the voice signals in 
the frequency range 300 to 3300 Hz and 

50 separate narrow band tones, one carrying the 
extension cradle switch signal, another the dial 
pulse signals and, a third the transfer/hc^d 
signal. The generation of these sq>arate nar- 
row band tones to carry each erf these dif- 

55 ferent signals is explained more fuUy herein 
with respect to Figure 6 n4iich shows the ex- 
tension TO unit 15 wherein these tones arc 
generated. For example, the cradle switch sig- 
nal may be carried by a narrow band tone 

60 centered at 100 Hz, the dial pulse signals may 
be carried by a narrow band tone centered 
at 300O Hz and the transfer/hold signals may 
be carried by a narrow band tone centered at 
2,000 Hz. These tones are separated in the 

65 output of amplifier 35 by varible gain ampli- 



fiers 103, 104 and 105 which operate over 
the narrow bands centered at 100 Hz, 3,000 
Hz and 2,000 Hz, respecdvely, and so the 
outputs of these an^>lifieTs are limited to the 
cradle switch signal, the dial pulse signals 70 
and die transfer/hcdd signal, respectively and 
each is represented by a different tone. These 
tones are decoded by detecting the envelopes 
of diese tones whidi represent the associated 
signals. For this purpose, deteaors 106, 107 75 
and 108 are provided vrfaich produce in the 
output thereof the cradle switch, _ transfer/ 
hold and dial pulse signals, respectivdy. 

The transfer/hold signal in the output of 
decoder 108 is fed to the flop input of ffip- gO 
flop circuit 110> This flip-flop circuit is a 
double input, bistable multivibrator of con- 
venricHul construction and is triggered by a 
sharply rising voltage level (a spike pulse) at 
either mput. For purposes erf example, the flip 85 
stage is the ''zero" state and die Sop is the 
"one" state of this multivibrator and the out- 
put is £rom die flop or one state. This output 
IS a zero or one voltage levd and is fed aloig 
with the "aero" or "one" voltage level in 90 
the output of die cradle switdi decoder 106 
to OR gate 112 which energizes the soloioid 
113 of noim^y open, switch relay 114. 

The two switches 115 and 116 of relay 114 
connect to die cradle switch CRSW terminals 95 
of the transmission network 21 m the tip and 
ring lines therecrf. These teiminals, diown 
in Fig. 7, are Li and F whidi connect to 
switch 115 and L. and C which crainea to 
svritch 116. Hence, a "one" signal level hi the lOQ 
ou^t from flip-flqp 110 or cradle switch tone 
decoder 106 closes switches 115 and 116 and 
msJces the master unit IS responsive to slg- 
tais OQ the subscriber's telephone line 1. 

The flip or "zero" stage of flip-fli^ 110 105 
responds to spike pulses from initiahzadon 
droiit 111. These spike pulses are derived 
either from the power supply voltage V, from 
the DC power supply 30 when die master 
TO unit 15 is turned on (such as vriien it is 1 10 
plugged into the AC power line), or from die 
initiation of a "one" signal levd in the out- 
put of cradle switdi tcme decoder 106. Thus, 
following turn on the master TO unit or Uft- 
bg die extension tdephone handset from its 115 
caSiti the flip-flop is set to hs "zero" state. 

Typical operation of the rday 114 to cdn- 
trd coupUng of the tip and ring lines of net- • 
work 21 to the subscriber's tdephone line, is 
ilhistiated by the diagrams of Fig. 5. This 120 
shows die types of signals produced by de- 
coders 106 and 108 amd by circuit 111, and 
the states of flip-flop 110 and the tip and ring 
Une connections to the tdephone line at a 
number of typical operating events. For 125 
example: 

At ti — ^the master station is turned on pro- 
ducing power supply voltage Vi 
whidi causes a spike output pulse 
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firom circuit 111 that sets the flip- continue the call Furthennoi^ all these func- 55 

flop 110 t the "zero" state. tiras can be peifonned widi or without die 

At tt — ±e extension handset is lifted from master telqihone cm the telephone line and no 

its cradle. action has to be taksa with regard to ibe 

At ti — the extension transfcr/hdd twtton mastex tdephone in order to p<^orm these 

is momentarily depressed. functions. 70 
At /«— the extension handset is returned Additional details of the extensitm station 

to its cradle. TR unit 15 are shown in the block diagram. 

At ts—fhe extension TR unit is unplugged electrical schematic of Figure 6. As shown 

from tht AC power line— {and is in tlu's figure, die master carrier frequency 

moved) is coupled from the AC power line through 75 

At f,— the extension TR unit is plugged die RF couph'ng networic 41 which may con- 

intothe AC power line. sist of two capacitances 131 connected to the 

At tj — ^the extension handset is lifted from primary 132 m an RF transformer 133 in the 

its cradle. directirao of incomhig master carrier fre- 

At ts— the extension handset is returned queacy. The secondaiy 134 of tiiis trans- 80 

to its: cradle. former, in the same direction, includes a 
centre tap to ground. The master carrier £re- 
This sequence d events shows that the quency 60m diis transformer feeds throu^ 
master unit transmission network 21 is hi^ pass filter 135 cut-ofF at 200 KHz to 
coupled to the subscriber's tdephone line upon die master carrier frequency receiver and de- 85 
answering the extension phone and remains naodulator 44. This receiver and demodulator 
coupled after the transfer/hold button is consists of a variable gain amplifier 136, a 
actuated even vdien the extension is un- low pass broadcast filter 137 and FM. de- 
plugged from die system, moved and then modulator 138. The variable gain amplifier 
plumed in again. 136 has a narrow frequency band of opera- 90 

The dial pulse circuits 36 in the master tion centered at about 240 KHz. 
unit in Figure 4 consist of variable gain Since the signals that modulate the master 

anipHfier 104 amplifyine die signals from carrier frequency consist of the 1,000 Hz ring 

amplifier 35 and me did pulse decoder (en- tone generated by the tone oscillatot 86 in 

vdope detector) 107. The amplifier 104 oper- tbe master unit, and the voice signals from 95 

ates over a narrow band centered at the 3,000 the MIC terminals of the transmission net- 

Hz dial pulse tone and selectively amplifies work in the master iinit, the output of FM 

only the dial pulse tones appearing in the demodulator 138 consists of tl^se same voice 

output of amplifier 35. The decoded dial signals and the 1,000 Hz ring «>ne signal., 

pulse ton^ consisting oi dial pulses, appears The voice signals in diis output are amplified 100 

in the output of this decoder and is applied by variable gain amph'fier 45 whidi energizes 

to the solenoid 121 of relay switch 123. The the earphone circuit 46 that in turn, energize 

switch 123 in this relay is normally dosed the earphone 47 of the extension telephone, 

and so each dial pulse causes the switch 123 The circuit 46 may include, for example, a 

to momentarily open. Since this switch con- capacitance. 139 in series with inductance J40. 105 
nects to the DIAL terminals F and RR of The ting tone signal in the output of de- ' 

the transmission network 21, the dial pulses modulator 138 is amplified by variable gain 

are applied to the network and from the net- amplifier 48 which drives the ring and tone 

work to the subscriber's tel^one line 1 decode (ring tone envdope detector) 141 

via die master connector 4. Thus, all signals that energizes the coil 143 of relay switch ( 10 

originating at the extension telephone are car- 142. The switch 144 of relay 142 is normsJIy 

tied to the noaster TR unit over the AC power open and doses when the ring signal is 

wires and decoded to suitable form for present in the output of the decoder. When 

coupling to the convendonal tdephone line this switch doses, it turns on the buzzer 

transmission network that connects to the sub- or bell 51. 115 
scriber*s telephone line. In this manner, the The extension tdephone signals, exdud- 

extension tdephone is made as effective as a ing the voice signals &om the microphone 54, 

conventional tdephone on a conventional ex- are each converted to a representative tone 

tension of die subscriber's tdephone line, so that each can be distinguished from the 

More particulariy, the extensi<m telephone <^er at the master unit by the distinguishing 120 

described is capable of answering and recdv- tone. In the extension unit, these tones 

ing incoming telephone calls and conducting modulate the extension carrier frequenqr 

conversations with, the incoming calL It can wiiich is then transmitted over the AC power 

place a call cki the tdephone line and initiate wires to the master unit. These identifying 

a hold position so that the same call can be tones are preferably single frequendes, all 125 

answered also on the master tdejJione or on within the voice frequency band width. That 

another extension tdephone or so tiiat die is, they fall within the 30 to 3300 Hz band, 

extension phone answering the call can be Furthermore, these tones are selected in view 

unplugged, moved and plugged in again to of the signal which they arc to convey and are 
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separated substantially from each other to 
ensure there is no overlap. With this in mind, 
it is convenient if the cradle switdi signal is 
carried by a tone at about 100 Hz and the 
S dial pulses are carried by a tone at the other 
end of the available band, such as 3,000 Hz. 
This leaves die transfer/hold signal from die 
eztensicKi telcf^one to be carried by a tone 
between the other two or about 2,000 Hz. 

10 Thusj the cradle switch, dial and transfer/ 
hold drcuits 62, 63 and 65 shown in Figure 
3 may eadh be an oscillator which is turned 
on whenever die associated signal is present. 
For example, die cradle switch circuit 62 

15 may be a 100 Hz oscillator which is turned 
on whenever the cradle switch opens. The 
dial circuit 63 is a 3,000 Hz osdllatot which 
is turned on at each dial pulse or dick and 
die transfer/hold circuit 65 is a 2,000 Hz 

20 oscillator turned on eadti time the transfer/ 
hdd switch is actuated. These oscillators feed 
amplifiers 66, 67 and 69, respectively and 
the outputs <^ these ampliiSers are combined 
by algebraic summing circuit 71. 

25 The voice signals from the extension phone 
microphone 54 are fed to the microphone dr- 
cuit 64 which may consist of an input induc- 
tive impedance 151 and amplifier 152. The 
band of operation of this amplifier is prcfer- 

30 ably at least from 300 to 3300 Hz which is 
in the voice frequency range. 

Variable gain amplifiers 72 and 68 feed 
the tone signals and the voice sipials to 
algebraic summing circuit 73 whidi in turn, 

35 controls the variable frequency oscillator 153 
in the extension carrier frequency modulator 
and transmitter 74. Osdilator 153 has a centre 
frequency of about 90 KHz and so the upper 
sideband output of this oscillator is in the 

40 range of 90 to 100 KHz. This sideband is 
amplified by class A power amplifier 154 and 
fed through low pass filter 155 in the diplexer 
unit 42. Tfiis low pass filter has a cut off fre- 
quency of 100 KHz and so it passes the ex- 

45 tension carrier sideband to the RF coupler 
41 that feeds the sideband to the AC power 
wires via die AC plug 20. 

The variable gain amplifiers 72 and 68 
each have a control potentiometer 72' and 

50 68', respectively, for controlling the gain. 
These potentiometers may be preset or diey 
may be varied at installation or even dur- 
ing use as necessary to control the amplitude 
of the tone and voice signals that modulate 

55 die extension carrier frequency. Variable gain 
amplifiers 45 and 48 dso include variable / 
potentiometers 45' and 48', respcctivdy, for 
the same pur pose. 
A typical ITT type 75335-1 transmission 

60 network 21 is shown in detail in Figure 7. 
This network connects directly to the sub- 
scriber's tdephone line as shown, the tde- 
phone line being represented by ^e tip and 
ring wires 161 and 162 and ground wire 163. 



The first set of terminals, which are across 65 
die lines 162 and 163 are the RING termmals 
consisting of G, A, K and L,. Of tiiese, G 
connects to 163, and Lj connects to 162 and 
G and Lj connect also to the ring tone detec- 
tor circuit 22 in tile master unit. The CRSW 70 
terminals and F in the tip line side 165 
of the network connect to the normally c^n 
switch 115 of relay 114, Fig. 4. Similarly, 
the CRSW termini Lj and C ui die ring 
line side 166 of the network connect to switch 75 
116 in the same rday. Thus, when diis iday 
is energized by the cradle switch signal or 
the transfer/hdd signal, terminals Li and F 
on the tip side and terminals Lj and C on 
the ring side of the network are short dr- 80 
cuiced. 

The dial pulse or dial dick signals appear- 
ing in the output decoder 107 in the master 
unit cause normally dosed switch 123 rday 
122 to open then dose with each pulse. The 85 
terminals of this switdi connect to the DIAL 
terminals in tip line side of the transmission 
network and so tiiese dial pulses are produced 
in the telephone line when these terminals 
are opened and dosed by the switch 123. 90 

A radio frequency filter 170, also called an 
equalizer drcuit across the tip and ring sides 
of the network indudes a varistor 167 in 
series widi the combination of resistor 168 
and capadtor 169. The capacitor here sup- 95 
presses dial pulse transients to prevent diem 
from causing radio interference and the resis- 
tor and the varistor form the line equalizer 
that acts as a shunt on short loops to limit 
the power transmitted by the transmission 100 
network to the tdephone fine and vice versa. 
If this power levd is too high, cross talk 
problems occur. 

The induction coil TAi— TC in the tip 
line side and the inducdon coil TAj — ^TB 105 
in the ring line side of die network are each 
split to balance the impedance on each side 
of the line. These inductances are split on 
each side of the MIC terminals R and B to 
which the microphone transformer 87 con- 110 
nects, as shown in Fig. 4 and imposes a load 
equivalent to the carbon microphone of a con- 
ventional tdephone. This transformer 87 and 
die resistor 171 make up the network trans- 
mitter impedance of vriiat is sometimes called 1 13 
the anti-sidetonc circuit. The capacitors 172 
and 173 and resistor 174 make up the anti- 
sidetone balancing impedance. Varistor 175 
compensates for changes in line impedance 
so that desired conditions are maintained to 120 
control sidetoae levels. 

The earphone drcuit 34 connects to the 
earphone terminals GN and R of the trans- 
mission network. This drCuit consists of the 
transformer 34 at the output of variable gain' '^5 
amplifier 33 that amplifies voice signals de- 
rived from the extension tdephone. This 
transformer provides an impedance equiva- 
lent to the unpedance (rf a conventional tele- 
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phone eaxphone, and dm impedance makes 
up the receiver leg of the transmission net- 
work. Varistor 175 limits the output level 
of the receiver leg to levels well below those 
5 which might be objecdoaable to the user. 

Thus, the tiansmissioa network can be the 
same as die transmission network in a coa- 
venticnal tdqihone and all the input and out- 
put termmals of that network are provided 

10 'with impedances which are equivalent to diose 
that are connected to such a network as in a 
omventional telephone. As a result^ die sig- 
nal levds and impedances imposed on the 
subscriber's telephone line arc m all respects 

1^ conventional and not particularly distin^sh- 
able from the signal levels and impeoances. 
that would be imposed by a single master 
tdephone of a)nventional design connected 
directly to the telephone line. 

20 WHATWECLAIMIS:— 

1. A power line telephone extension sys- 
tem in a subscriber's premises wired with 
AC power wires, con^rising a subscriber's 
telephone b'ne entering the premises from a 

25 anventional teIe[Aone system, the sub- 
scriber's line including a trip wire and ring 
wire a master station coufded to die trip and 
ring wires and coupled to the power wires by 
a reactive coupling circuity and an extension 

30 station coupled to an extension telephone and 
coupled to the power wires, at least one ol 
the said stations being arranged to modulate 
tele[^<Mie signals on to a carrier and to couple 
the modulated carrier into die power wires, 

35 and at least the odier of the stations being 
arranged to detect and demodulate the modu- 
lated carrier to reconstitute the telephone sig- 
nals. 

2. A ^stem according to claim 1, wherein 
^ to moduhte signals on the subscriber's line 

the master and extension stations aie equipped 
and from the extension telei^ionc respec- 
tively on to respective master and extension 
carriers for coupling on to the power wires, 
45 sik] are equippM to detect modulated carriers 
from the power wires to provide telephone 
signals respectively to the subscribers line 
and the extension telephone. 

3. A system according to daim 2, wherein 
50 the signals from die subscriber's line include 

the rmg signal and voice signals, the ring 
signal causes the extension telephone to ring 
and when the extension telephone is answered, 
signals equivalent to the voice signals present 
55 on die telephone line energize die earphone ' 
of the extension telephone. 

4. A system according to dahn 2 or 3, 
wherdn die master station mcludes a con- 
venti<nal telephone transmission network 

^ \diich inmoses a load impedance on the sub- 
scriber's line compatible widi the telephone 
system, the signals carried on the subscribeis 
line are coupled from the transmission net- 
work to a master carrier frequency modu- 



lator vdierein die tdepbone signals modulate 65 
di master carrier frequency, and this modul- 
ated master carrier frequency is coupled to the 
power wires at the master location by the 
reactive coupling circuit. 

5. A system according to daim 4, where- 70 
in the signals from the subscribers line are 

die ring signal and voice signals and these 
signals ate combined and fed to the master 
carrier frequency modulator. 

6. A system according to daim 5, wherein 75 
the extension telephone indudes a bell, a 
handset carrying an earphone and a hand- 
set cradle switdi, die ring signal and the voice 
signals whidi are combined and modulate die 
master carrier frequency and are coupled to 80 
die power wires, are coupled from die power 
wires at the extension location on the power 
line and are fed to a master carrier frequency 
demodtdator which produces ring and vwce 
signals, means ate provided for detecting die $5 
ring signal from die output cS the master 
carrier mquency demodulator, means are pro- 
vidni for ener^zing the extension tdephone 
bell in response to the detected ring signal, 
and means are provided for ener^zing die 90 
extension telephcme earphone in respcmse to 

the voice signals in die output of the master 
carrier frequency demodulator. 

7. A system according to daim 6, wherein 
means are provided M^ereby the bell is ener- 95 
gized in response to die ting signal hi die 
oa^Hit of the master carrier frequency de- 
modulator when the cradle swiltdi is actuated 

by die handset and means are provided 
viiiereby the earphone Is energized by the 100 
voice signals hi die output of the master 
carrier frequency demodulator when the cradle 
switdi is not actuated by the handset 

8. A ^stem according to daun 7, where- 
in the tekjAone transmission netwoilc, the 105 
means for combining the ring signal and voice 
signals, die master carrier frequency modu- 
lator, and the reactive coupling drcuit are con- 
tained in a unitary package at the master loca- 
tion, and die extension receiver means, the 110 
means for coupling master carrier signals 
thcr^o, the master carrier frequency demodu- 
lator, die means for energizing the extension 
tdq>hone earphone are contained in a uni- 
tary package at the extension location. 115 

9. A system according to daim 4, wherem 
means are provided at the master location 
for detecting the ring signal from the trans- 
mission network and imtiating a ring tone 
signal in response thereto, means are pro- 120 
vided at die master location for combining the 
ring tone si^al and the voice signals from 
the transmission network, the master carrier 
frequency modulator responds to said com- 
bined signals, producing in the output there- 125 
of said master carrier frequency, modulated 

by ring or voice signals, and means are pro- 
vided at the extension location responsive to 
the master carrier frequency demodulator for 



detecting said ring tone dgnals, and the out- 
put tiiereof initiates energization of the ex- 
tension telephone belL 

10. A system as in claim 9, wherein the 
5 frequency of the ring tone lies within the 

frequency of the voice signal frequency band, 
the ring tone detector is tuned narrowly 
to the tone frequency, and the threshold 
<^ the ring tone detector is sufBciently big}i 
10 to exclude any portion of the voice signals 
from initiating energization of the extension 
telephone belL 

11. A system according to any of daims 
4 to 10, wherein the master carrier modula- 

1 5 tion by i£e sigmfls canied on the subscriber's 
line is frequency modulation, and the master 
carrier frequency centre frequency is sub- 
stamially higher than the telej^one line oper- 
ating frequency band. 

20 12, A system according to any of claims 
2 to 11, wherein the master and extension 
carrier frequencies are substantially different 
and. both are substantially higher than die 
frequency band of operation of the sub- 

25 scribe^sline. 

13. A system according to any of dahns 
2 to 12, wheiein the extension station com- 
prises means for generating an extensiott tele- 
phone cradle switch signal, and means lot 

30 niodulating die extension carrier frequency 
by the ctadle switch si^ial as also me ex- 
tension dial and voice signals modulate the 
extension carrier frequency, wherrf>y the 
modulated extension carrier signals include 

35 dial signals, voice signals and the cradle 
switch signal; and at the master station, the 
extension cradle switch signal is reproduced 



and means arc provided for coupling the 
cradle switch signal to die electrical cucuits 
coupled directly to the subscribers line for 
controlling the coupling there(^. 

14. A system according to claim 13, where- 
in die extension station comprises means for 
generating an extensirai telephone transfer/ 
bold signal and means for modulating the 
extension carrier frequency by die transfer/ 
b<M signal as also me extensios dial, voice 
and cradle switch signals modulate the exten- 
sion carrier frequency, whereby the modu- 
lated extension carrier signals include the 
cradle switch, dial, voice and transfer/hdd 
signals; and a master location, the extension 
tiansfer/hold signal is reproduced and means 
are provided for coupling direcdy to the sub- 
scriber's line for cootrdlmg^ the coupling 
dieteof. 

15. A system according to claim 14, where- 
in the master station comprises means here- 
by die reproduced cradle switch and transfer/ 
hdd signals cause die electrical circuits to 
couple direcdy to the telephone line when. 

1. the cradle switch signal is present 

2. fdlowing the simultaneous occurrence of 
the aadle switch signal and the transfer/ 
hold signal, the cradle switch signal 
ceases and said coupling to the sub- 
scribers Hnc continues tmtil the cradle 
switch signal commences again and then 
ceases again. 

REDDIE & GROSE, 
Agents for the Ap^cants, 
16, Theobalds Road, 
London, WCIX 8PL. 
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